Sheet 1 nf 5 



FORM PTO-1449 U.S. Department of Commerce 

Patent and Trademark Office iX * 

LIST OF DOCUMENTS CITED BY APPLICANT 

A %£\J$& several sheets if necessary ) 


Attorney Docket Number 

CENEO 5308 168 

AR 0 « 


Serial No. 
09/878,442 




Applicants: Das et al. 


^Jy 


Filing Date: June 11, 2001 


Group: 2815 



U. S. PATENT DOCUMENTS 



Examiner 
Initial 




Document 
Number 


Date 


Name 


Class 


Subclass 


Filing Date 
if 

Appropriate 




1. 


5,170,231 


12/8/92 


Fujii et al. 


357 


23.2 








2. 


5,885,870A 


3/99 


Maiti et al. 


438 


261 








3. 


5,939,763 


8/17/99 


Hao et al. 


257 


411 








4. 


5,960,289 


9/28/99 


Tsui et al. 


438 


257 








5. 


5,972,801 


10/26/99 


Lipkin et al. 


438 


770 








6. 


6,028,012 


2/22/00 


Wang 


438 


779 








7. 


6,048,766 


4/11/00 


Gardner et al. 


438 


257 








8. 


6,054,352 


4/25/00 


Ueno 


438 


268 








9. 


6,063,698 


5/16/00 


Tseng et al. 


438 


585 








10. 


6,096,607 


8/1/00 


Ueno 


438 


522 








11. 


6,117,735 


9/12/00 


Ueno 


438 


268 








12. 


6,136,728 


10/24/00 


Wang 


438 


773 








13. 


6,165,822 


12/26/00 


Okuno et al. 


438 


142 








14. 


6,190,973 Bl 


2/20/01 


Berg et al. 


438 


275 








1 c 

15. 


6,204,203 


3/01 


Narwanker et al. 


438 


•70 C 

785 








16. 


6,211,035 


4/01 


Moise et al. 


438 


396 








17. 


6,221,700 


4/24/01 


Okuno et al. 


438 


151 






18. 


6,239,463 


05/29/01 


Williams et al. 


257 


328 






19. 


6,297,172 


10/2/01 


Kashiwagi 


438 


773 






20. 


6,455,892 


9/24/02 


Okuno et al. 


257 


328 








21. 


6,593,620 


07/15/03 


Hshieh et al. 


257 


335 








22. 


6,610,366 


08/26/03 


Lipkin et al. 


427 


378 








23. 


US200 100558 
52 A 1 


12/01 


Moise et al. 


438 


396 




6 


r/ 


24. 


2002/0072247 
Al 


6/13/02 . 


Lipkin et al. 


438 


767 





EXAMINER 
♦EXAMINER 



Initt 
com 




rk 



DATE CONSIDERED 

Terence considered, whether or not citation is in conformance with MPEP '609; draw line through citation if not in 
: and not considered. Include copy of this form with next communication to applicant. 



Sheet 2 of s 



FORM PTO-I449 U.S. Department of Commerce 
Patent and Trademark Office 



LIST OF DOCUMENTS CITED BY APPLICANT ^ 



yeral sheets if necessary) 



Attorney Docket Number 
5308-168 



Serial No. 
09/878,442 



Applicants: 



Das et al. 



Filing Date: June 11,2001 



Group: 2815 



FOREIGN PATENT DOCUMENTS 



Document 
Number 



Date 



Country 



Class 



Subclass 



Translation 
Yes | No 



72 



25 



DE 10036208 



2/14/02 



Germany 



Abstract 



26 



DE 198 09 554 



9/10/98 



Germany 



Abstract 



27 



DE 19900171 



12/26/00 



Germany 



Abstract 



28 



JP 03157974 



7/5/91 



Japan 



Abstract 



29 



JP 08264766 



10/11/96 



Japan 



Abstract 



30 



JP 09205202 



8/5/97 



Japan 



Abstract 



31 



JP 11191559 



7/13/99 



Japan 



Abstract 



32 



JP 11238742 



8/31/99 



Japan 



Abstract 



33 



JP 11261061 



9/24/99 



Japan 



Abstract 



34 



JP 11266017 



9/28/99 



Japan 



Abstract 



35 



JP 11274487 



10/8/99 



Japan 



Abstract 



36 



JP 2000049167 



2/18/00 



Japan 



Abstract 



07 



JP 2000082812 



3/21/00 



Japan 



Abstract 



38 



JP 2000106371 



4/11/01 



Japan 



Abstract 



39 JP02000252461A 9/14/00 



Japan 



Abstract 



'OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.) 



40. 



A.K. Agarwal, J.B. Casady, L.B. Rowland, W.F. Valek, and CD. Brandt, "1400 V 4H-SiC Power 
MOSFETV Materials Science Forum Vols. 264-268, pp.989-992, 1998. 



41. 



A.K. Agarwal, J.B. Casady, L.B. Rowland, W.F. Valek, M.H. White, and CD. Brandt, "1,1 kV 4H-SiC 
Power UMOSFET's," IEEE Electron Device Letters, Vol. 18, No. 12, pp. 586-588, December 1997. 



42. 



A.K. Agarwal, N.S. Saks, S.S. Mani, V.S. Hegde and P. A. Sanger, "Investigation of Lateral RESURF, 
6H-SiC MOSFETs," Materials Science Forum, Vols. 338-342, pp. 1307-1310, 2000. 



43. 



A.V. Suvorov, L.A. Lipkin, G.M. Johnson, R. Singh and J.W. Palmour, M 4H-SiC Self-Aligned Implant- 
Diffused Structure for Power DMOSFETs," Materials Science Forum Vols. 338-342, pp. 1275-1278, 
2000. 



44. 



Agarwal et al. "Temperature Dependence of Fowler-Nordheim Current in 6H-and 4H-SiC MOS 
Capacitors," IEEE Electron Device Letters. Vol. 18, No. 12, December 1997, pp. 592-4. 



45. 



Chakraborty et al. "Interface properties of tyO-annealed SiOz/SiC systems," Proc. 2000 IEEE Electron 
Devices Meeting. Hong Kong, China, June 24, 2000, pp. 108-1 1 1. 



EXAMINER 
'EXAMINER 




DATE CONSIDERED 



Initi 



eference considered, whether or not citation is in confomiance with MPEP 609; draw line through citation if not 
mce and not considered. Include copy of this form with next communication to applicant. 



Sheet 3 of 5 



FORM PTO-1449 U S Department of Commerce 
Patent and Trademark Office 

USYP^QCUMENTS CITED BY APPLICANT 

- ^ % 
/ fUseffltveral sheets if necessary) v * 


Attomev Docket Numher 
-> 5308-168 


Serial No 
09/878,442 


(MAR 0 1 2004 J 


Applicants: Das et al. 




Filing Date: June 11, 2001 


Group: 2815 



46. 



Chang et al. "Observation of a Non-stoichiornetric Layer at the Silicon Dioxide—Silicon Carbide 
Interface: Effect of Oxidation Temperature and Post-Oxidation Processing Conditions," Mat. Res. Soc. 
Symp. Proc. Vol. 640, 2001. 



47. 



Cho et al. "Improvement of charge trapping by hydrogen post-oxidation annealing in gate oxide of 4H- 
SiC methel-oxide-semiconductor capacitors," Applied Physics Letters. Vol. 77, No. 8, pp. 1215-7. 



48. 



Chung et al. "The Effect of Si:C Source Ratio on SiOz/SiC Interface State Density for Nitrogen Doped 
4H and 6H-SiC," Materials Science Forum. (2000) Vols. 338-342, pp. 1097-1 100. 



49. 



Chung et al., "Effects of Anneals in Ammonia on the Interface Trap Density Near the Band Edges in 4H- 
Silicon Carbide Metal-Oxide-Semiconductor Capacitors", Applied Physics Letters, Vol. 77, No. 22, 
November 27, 2000, pp. 3601-3603. 



50. 



D. Alok, E. Arnold, and R. Egloff, "Process Dependence of Inversion Layer Mobility in 4H-SiC 
Devices," Materials Science Forum, Vols. 338-342, pp. 1077-1080, 2000. 



51. 



Das, Mrinal K. Graduate thesis entitled, Fundamental Studies of the Silicon Carbide MOS Structure. 
Purdue University. 



52. 



De Mao et al., "Thermal Oxidation of SiC inN 2 0", J. Electrochem. Soc, Vol. 141, 1994, pp. L150-L152. 



53. 



Fukuda et al. "Improvement of SiO:/4H-SiC Interface Using High-Temperature Hydrogen Annealing at 
Low Pressure and Vacuum Annealing," Jpn J. Appl. Phys. Vol. 38, April 1999, pp. 2306-9 



54. 



Fukuda et al. "Improvement of Si02/4H-SiC Interface by Using High Temperature Hydrogen Annealing 
at 1000° C," Extended Abstracts of the International Conference on Solid State Devices and Materials, " 
Japan Society of Applied Physics, Tokyo, Japan, Sept. 1998. 



55. 



G.Y. Chung, C.C. Tin, J.R. Williams, K. McDonald, M. Di Ventra, S.T. Pantelides, L.C. Feldman, and 
R.A. Weller, "Effect of nitric oxide annealing on the interface trap densities near the band edges in 4H." 
Applied Physics Letters, Vol. 76, No. 13, pp.17 13-171 5, March 2000. 



56. 



G.Y. Chung, C.C. Tin, J.R. Williams, K. McDonald, R.A. Weller, S.T. Pantelides, L.C. Feldman, M.K. 
Das, and J. W. Palmour, "Improved Inversion Channel Mobility for 4H-SiC MOSETs Following High 
Temperature Anneals in Nitric Oxide," I EE Electron Device Letters accepted for publication. 



57. 



H.F. Li, S. Dimitrijev, H.B. Harrison, D. Sweatman, and P.T. Tanner. "Improving Si02 Grown on P- 
Type 4H-SiC by NO Annealing." Materials Science Forum. Vols. 264-268 (1998) pp. 869-872. 



58. 



J. Tan, J.A. Cooper, Jr., and Mr.R. Melloch, "High-Voltage Accumulation-Layer UMOSFETs in 4H- 
SiC" IEEE Electron Device Letters, Vol. 19, No. 12, pp. 487-489, December 1998. 



59. 



J.B. Casady, A.K. Agarwal, L.B. Rowland, W.F. Valek, and CD, Brandt, "900 V DMOS and 1 100 V 
UMOS 4H-SiC Power FETs," IEEE Device Research Conference, Ft. Collins, CO June 23-25, 1997. 



60. 



J.N. Shenoy, J.A. Cooper and M.R. Meelock, "High- Voltage Double-Implanted Power MOSFETs in 6H- 
SiC," IEEE Electron Device Letters, Vol. 18, No. 3, pp.93-95, March 1997 



61. 



Jamet, et al. "Physical properties of NaO and NO-nitrided gate oxides grown on 4H SiC," Applied 
Physics Letters. Vol. 79, No.3, July 16, 2001, pp. 323-5. 



EXAMINER 
►EXAMINER 




K. Ueno and Tadaaki Oikawa, "Counter-Doped MOSFETs of 4H-SiC." IEEE Electron Device Letters, 



DATE CONSIDERED 



reference considered, whether or not citation is in conformance with MPEP 609; draw line through citation if not 
nee and not considered. Include copy of this form with next communication to applicant. 



Sheet _iUI-5 



FORM PTO-lddO T I 9 npnartmpnf r»f Pnmmprrp 

Patent and Trademark Office - 
LISJ^lEPpCUMENTS CITED BY APPLICANT 
/ fUsdp^veral sheets if necessary) » 


rtuumeyjL/GSKci i^tumoer 
. \! -r «5308-168 


Serial No. 
09/878,442 


(• MAR 0 1 2004 □ 


Applicants: Das et ah 


V. > 


Filing Date: June 1 1, 2001 


Group: 2815 






Vol. 20, No. 12, pp. 624-626, December 1999. 




63. 


K. Ueno, R. Asai, and T. Tsuji. "4H-SiC MOSFETs Utilizing the H 2 Surface Cleaning Technique." 
IEEE Electron Device Letters, Vol. 19, No. 7, July 1998, pp. 244-246. 






64. 


Kamienski et al. "Long term stability of gate-oxides on n- and p-type silicon carbide studied by charge 
injection techniques," Materials Science Engineering, Vol. 46, No. 1-3, April 1997, pp. 263-6. 






65. 


L.A. Lipkin and J.W. Palmour, "Low interface state density oxides on p-type SiC," Materials Science 
Forum Vols. 264-268, pp. 853-856, 1998. 






66. 


Lai et al. "Interface Properties of N 2 0-Annealed NH 3 -Treated 6H-SiC MOS Capacitor," Electron 
Devices Meeting, June 26, 1999, pp. 46-9. 






67. 


Lipkin et al. "Challenges and State-of-the-Art Oxides in SiC," Mat. Res. Soc. Symp. Proc. Vol. 640, Nov. 
2000, pp. 27-29. 






68. 


Lipkin et al. "Insulator Investigation on SiC for Improved Reliability," IEEE Transactions on Electron 
Devices. Vol. 46, No. 3, March 1999, pp. 525-532. 






69. 


M. K. Das, L.A. Lipkin, J.W. Palmour, G.Y. Chung, J.R. Williams, K. McDonald, and L.C. Feldman, 
"High Mobility 4H-SiC Inversion Mode MOSFETs Using Thermally Grown, NO Annealed Si0 2) " IEEE 
Device Research Confer ence, Denver, CO June 19-21, 2000. 






70. 


M.A. Capano, S.Ryu, J.A. Cooper, Jr., M.R. Melloch, K. Rottner, S. Karlsson, N. Nordell, A. Powell, and 
D.E. Walker, Jr., "Surface Roughening in Ion Implanted 4H-Silicon Carbide," Journal of Electronic 
Materials, Vol. 28, No. 3, pp. 214-218, March 1999. 






71. 


M.K. Das, J.A. Cooper, Jr., M.R. Melloch, and M.A. Capano, "Inversion Channel Mobility in 4H- and 
6H-SiC MOSFETs," IEEE Semiconductor Interface Specialists Conference, San Diego, CA, December 
3-5, 1998. 






72. 


P. J. Tobin, Y. Okada, S. A. Ajuria, V. Lakhotia, W. A Feil, and R. I. Hedge, "Furnace formation of 
silicon oxynitride thin dielectrics in nitrous oxide (N 2 0): The role of nitric oxide (NO)." Journal of 
Applied Physics. Vol. 75, No. 3, February 1, 1994, pp. 1811-1817. 






73. 


P.M. Shenoy and B.J. Baliga, "The Planar 6H-SiC ACCUFET: A New High- Voltage Power MOSFET 
Structure," IEEE Electron Device Letters, Vol. 18, No. 12, pp. 589-591, December 1997. 






74. 


P.T. Lai, Supratic Chakraborty, C.L. Chan, and Y.C. Cheng, "Effects of nitridation and annealing on 
interface properties of thermally oxidized SiOz/SiC metal-oxide-semiconductor system," Applied Physics 
Letters, Vol. 76, No. 25, pp. 3744-3746, June 2000. 






75. 


Pantelides et al. "Atomic-Scale Engineering of the SiC-Si0 2 Interface," Materials Science Forum. 
(2000) Vols. 338-342, pp. 1 133-1 136. 






76. 


R. Schorner, P. Friedrichs, D. Peters, H. Mitlehner, B. Weis, and D. Stephani, "Rugged Power MOSFETs 
in 6H-SiC with Blocking Capability up to 1800 V," Materials Science Forum Vols. 338-342, pp. 1295- 
1298,2000. 


=4 


C 


77. 


R. Schorner, P. Friedrichs, D. Peters, and D. Stephani, "Significantly Improved Performance of 
MOSFETs on Silicon Carbide Using the 15R-SiC Polytype," IEEE Electron Device Letters, Vol. 20, No. 
5, pp.24 1-244, May 1999. 



EXAMINER 
EXAMINER 




DATE CONSIDERED 



Ini/iaflff reference considered, whether or not citation is in conformance with MPI^609; draw line through citation if not 
c^rKormance and not considered. Include copy of this form with next communication to applicant. 



Sheet 5 of S 



'f 

FORM PTO-1449 U.S. Department ot Commerce ^ 
Patent and Trademark Office 

LlSXflE DOCUMENTS CITED BY APPLICANT 

/ fusftseveral sheets if necessary) 


,,. .... , >;f 

Attorney Docket Number $ 

RECEIVE 168 

MAR 0 8 2004 


oenai No. 
09/878,442 




Applicants: Das et al. 




Filing Date: June 1 1 , 2001 j 
+1 


Group: 2815 



78. 



Ranbir Singh, Sei-Hyung Ryu and John W. Palmour, "High Temperature, High Current, 4H-SiC Accu- 
DMOSFET," Materials Science Forum Vols. 338-342, pp. 127 1-1 274, 2000. 



79. 



Ryu et al., Article and Presentation: "27 mfl-cm , 1 .6 kV Power DiMOSFETs in 4H-SiC," Proceedings 
of the 14 International Symposium on Power Semiconductor Devices & lCs 2002, June 4-7, 2002, Santa 
Fe, NM. 



80. 



S. Sridevan and B. Jayant Baliga, "Lateral N-Channel Inversion Mode 4H-SiC MOSFETs," IEEE 
Electron Device Letters, Vol. 19, No. 7, pp.228-230, July 1998. 



81. 



S. Sridevan, P.K. McLarty, and B.J. Baliga, "On the Presence of Aluminum in Thermally Grown Oxides 
on 6H-Silicon Carbide," IEEE Electron Device Letters, Vol. 17, No. 3, pp. 136-138, March 1996. 



82. 



S.T. Pantelides, "Atomic Scale Engineering of SiC Dielectric Interfaces," DARPA/MTO High Power and 
ONR Power Switching MURI Reviews, Rosslyn, VA, August 10-12, 1999. 



83. 



Suzuki et al. "Effect of Post-oxidation-annealing in Hydrogen on Si02/4H-SiC Interface," Materials 
Science Forum, Vols. 338-342 (2000) 1073-6. 



84. 



Sze, S.M. Physics of Semiconductor Devices, John Wiley & Sons, p. 383-390. 



85. 



V. R. Vathulya, H. Shang, and M. H. White, "A Novel 6H-SiC Power DMOSFET with Implanted P-Well 
Spacer." IEEE Electron Device Letters, Vol. 20, No. 7, July 1999, pp. 354-356. 



86. 



V.R. Vathulya and M.H. White, "Characterization of Channel Mobility on Implanted SiC to Determine 
Polytype Suitability for the Power DIMOS Structure," Electronic Materials Conference, Santa Barbara, 
CA, June 30-July2, 1999. 



87. 



V.V. Afanas'ev, M. Bassler, G. Pensl, and M. Schulz, "Intrinsic SiC/Si0 2 Interface States," Phy. Stat. Sol 
(a), Vol. 162, pp.321-337, 1997. 



88. 



Wang et al. "High Temperature Characteristics of High-Quality SiC MIS Capacitors with O/N/O Gate 
Dielectric," IEEE Transactions on Electron Devices. Vol. 47, No. 2, February 2000, pp. 458-462. 



89. 



Williams et al., "Passivation of the 4-H SiC/Si02 Interface with Nitric Oxide", Materials Science Forum, 
Vols. 389-393, 2002, pp. 967-972. 



90. 



Xu et al. "Improved Performance and Reliability of N20-Grown Oxynitride on 6H-SiH," IEEE Electron 
Device Letters. Vol. 21, No.6, June 2000, p. 298-300. 



Y. Wang, C. Weitzel, and M. Bhatnagar, "Accumulation-Mode SiC Power MOSFET Design Issues," 
Materials Science Forum, Vols. 338-342, pp. 1287-1290. 



EXAMINER 
►EXAMINER 




DATE CONSIDERED 




ce>considered, whether or not citation is in conformance with MPEP 609; draw line through citation if not 
icVnol considered. Include copy of this form with next communication to applicant. 



Sheet _1_U 



FORM PTO-1449 U.S. Department of Commerce 
Patent and Trademark Office 


Attorney Docket Number 
5308-168 


Serial No. 
09/878,442 


^^TStSTOF DOCUMENTS CITED BY APPLICANT 

V\(Use several sheets if necessary) 
1 0 2003 J 










Applicants: Das et al. 




Filing Date: June 11,2001 


Group 
2815 



U. S. PATENT DOCUMENTS 



Examiner 
Initial 



Document 
Number 



Date 



Name 



Class 



Subclass 



Filing Date 
if 

Appropriate 




5,877,045 



3/2/99 



Kapoor 



438 



151 



FOREIGN PATENT DOCUMENTS 



Document 
Number 



Date 



Country 



Class 



Subclass 



Translation 
Yes | No 




W099/63591 



12/9/99 



PCX 



OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.) 



International Search Report for PCT/US02/09393 dated 10/15/03. 




Mutin, P. Herbert, "Control of the Composition and Structure of Silicon Oxycarbide and Oxynitride 
Glasses Derived from Polysiloxane Precursors," Journal of Sol-Gel Science and Technology. Vol. 14 
(1999) pp. 27-38. 



del Prado et al. "Full Composition Range Silicon Oxynitride Films Deposited by ECR-PECVD at Room 
Temperatures," Thin Solid Films. Vol. 343-344 (1999) p. 437-440. 



EXAMINER 
•EXAMINER 




DATE CONSIDERED 




[fiafif reference considered, whether or not citation is in conformance with MPEP 609; draw line through citation if not in 
rformance and not considered. Include copy of this form with next communication to applicant. 



Shoes 



FORM PT04449 VS. Department ofCmaacc 
Pattm arid Tadcna* Office- . 

UST OF DOCUMENTS OTH) BY AFPUCANT 
(Use seven! ifceta if necettary) 

\ 


Attorney Docket Number 
5308-1(8 


SvriaJKo. 
09/878,442 


AppUcaai: DatftaL 


FiUng Datr. hoc I 1 , 2001 


Group 
2815 


US. PATENT DOCUMENTS 






Document 
Nunfcir 


Dm 




Class 


Subclass 


Filing Due 
if 

Appropriate 




1 


5,587.870 


12/24/W 


AndmonetaL 


361 


311 




















































FOREK5N PATENT DOCUMENTS 






Document 
Nuznbtr 


Date 


Country 


Cbsi 


Stihclua 


Translation 
• Yes ) No 




































































OTHER DOCUMENTS (IndudiaB Author, Tttk, Date. Pcrtbest Pigca, Etc) 



Wtqgatl m Hl& Tenpezsnse Qtmcterisdcs of Htgb-QaaKiy SiC MIS C*o*cita» with CVN/O Gate 
Piftlctttic- Zggg Trwaatov on Sttttna Devices. Vol 47, Ko. 2. Fetanry 2000. 



tovfation to Pay Additional Fees fir PCT/US02/09393 dated 7/7/0? . 



EXAMINER 
EXAMINER 




FAX RECEIVED 
JUL 1 e ZD03 
THEOLOGY CENTER 2800 



DATE CONSIDERED 



wfcesha or not citation is in cofifoflnasce with MFEP 
cenridertd IncbaVccwoftfessfcmwtfct^o 




